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ABSTRACT
In the present study, we considered the influence of  seismic activity on the
atmospheric electric field recorded at Portela meteorological station (Lisbon,
Portugal) for the period from 1955 to 1991. To this end, an exploratory
method was developed, which involved the selection of  events for which the
distance from the atmospheric electrical field sensor to the earthquake
epicenter is smaller than the preparation radius of  the event. This enabled
the correlation of  the atmospheric electric field variations with a quantity
S, defined basically as the ratio of  the earthquake preparation radius to
the distance between the sensor and the event epicenter. The first results
show promising perspectives, but clearly a more profound study is required,
in which a careful analysis of  the weather conditions and other variables,
like atmospheric radon levels, must be considered. 
1. Introduction
Since an important article by Pierce in the 1970’s [Pierce
1976], many models have been developed to explore the
coupling between the lithosphere-atmosphere-ionosphere
during seismic events [e.g. Liperovsky et al. 2008, Omori et al.
2009, Harrison et al. 2010, Kachakhidze et al. 2011]. All of
these appear to agree that variations in the vertical component
of  the atmospheric electric field (Ez) are related to the amount
of  radon that emanates during earthquake preparation stages,
which then promotes air ionization and reduces Ez. From
hereafter, we adopt the use of  the atmospheric electric
potential gradient (PG), as defined as: PG = –Ez.
Moreover, PG anomalies are not only candidates for
seismic electromagnetic precursors in the context of  short-
term earthquake prediction [Harrison et al. 2010], as they
also give important insights into the physics of  these
phenomena [Kachakhidze et al. 2011]. Nevertheless, there
has been little observational work carried out on this
subject [e.g. Smirnov 2008, Kachakhize et al. 2009, Silva et
al. 2011).
In the present study, we present a new approach for the
investigation of  the effects of  earthquakes on the PG,
through the analysis of  a dataset recorded at Portela
meteorological station (Lisbon, Portugal) for the period from
1955 to 1991. It is important to note that these data
correspond to the vertical and very-slow-varying component
of  the atmospheric electric field, and therefore the associated
magnetic effects are negligible. Thus the phenomenology
presented here is completely different from the geomagnetic
precursors reported in the literature [e.g. Fraser-Smith et al.
1990]. Moreover, it is also of  fundamental importance to
note that the variations on the ‘atmospheric’ electric fields
discussed in this study should not be confused with the
distinct phenomenon known as seismic electric signals,
which are said to be developed in the ‘lithosphere’ before
significant earthquakes, and that have been extensively
reported in the literature [e.g. Varotsos and Alexopoulos
1984]. Indeed, for the moment, no direct relationships
between the atmospheric electric field variations reported
here and both geomagnetic field anomalies and
seismoelectric signals in the literature have been shown, and
it is beyond the scope of  the present study to explore this
issue. Additionally, we must emphasize that this is an initial
study; nevertheless, interesting trends are found that show
that the effects of  seismic activity on the PGs are local, and
that they tend to reduce the PGs.
The organization of  this report is as follows: some
considerations relating to the datasets are given in Section 2;
the methodology is presented in Section 3; the results are
discussed in Section 4; and at the end we present some final
remarks, in Section 5. 
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2. The datasets
In the present study, we considered the hourly PG values
recorded at Portela meteorological station (Lisbon, Portugal;
38˚47'N, 9˚08'W) for the period from 1955 to 1991. The
Portuguese Meteorological Institute recorded these data with
a Benndorff  electrograph with a 1-m-heigh probe. The data
series was interrupted from 1975 to 1977 when the
electrometer was switched off  for maintenance. The annual
behavior of  the PG is presented in Figure 1a, where an anomaly
associated with the nuclear tests in the 1960’s can be seen,
together with the slow recover of  the PG in the following years.
This effect was previously reported in a seminal study [Pierce
1972], and is clearly shown here. The average behavior of  the
diurnal cycle is also presented in Figure 1b. A global analysis of
the different influences on the PG was reported by Serrano et
al. [2006], where more details of  the dataset can be found. 
On the other hand, two seismic catalogs were used in
the present study: for the period from 1955 to 1961, we used
the catalog from the Portuguese National Laboratory for
Civil Engineering [Sousa et al. 1992]; and for the period from
1961 to 1991, we used the catalog from the Portuguese
Meteorological Institute (the Portuguese Meteorological
Institute database). Figure 2 shows the seismic activity from
1961 to 2010 in the region where the PG sensor was installed.
Indeed, the seismicity of  this zone has been widely studied
mainly because of  the well-known Lisbon earthquake of
1755, and the interested reader can find a concise studies of
this earthquake in the literature [i.e. Borges et al. 2001,
Buforn et al. 2004].
3. The methodology
First of  all, it should be noted that the measurements
presented in this study are local, in the sense that any
perturbation in the PG values must be caused by a
disturbance that occurs near to the sensor, as for example,
for artificial radioactivity variations [see Serrano et al. 2006].
For this reason, it is highly unexpected that seismic events far
away from the sensor will directly affect the PG. In this way,
it is necessary to establish a criterion to select the seismic
events that might actually influence the PG from those that
cannot. At the same time, it is expected that seismic events
of  greater magnitude do influence the PG at larger distances
from the sensor, as compared with smaller seismic events. 
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Figure 1. a) Average PGs per year during the period from 1955 to 1991 at
Portela (Lisbon, Portugal). b) The diurnal cycle of  the PGs averaged over
all of  the data.
Figure 2. Map of  Portugal showing the seismicity (small orange circles)
of  the south of  Portugal for the period from January 1, 1961 to December
31, 2010 (data provided by Portuguese Meteorological Institute, Portugal).
The red circles are proportional to S and highlight the most relevant
earthquakes.
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Indeed, Dobrovolsky et al. [1979] developed the concept
of  the earthquake-preparation radius (R), which depends on
the event magnitude (M). This assumes the existence of  an
approximately circular region around the epicenter of  an
earthquake that undergoes elastic crustal deformation prior
to the seismic events themselves. Dobrovolsky et al. [1979]
estimated R as:
                                                                            (1)
Hence, taking into account the above arguments, it is
likely that for relevant events (those that can actually
influence the measurements), the PG sensor should be
within a circle of  radius R (approximately). This means that
the distance from the sensor to the event epicenter, D, must
be smaller than R, i.e. R ≥ D. This assumption enables the
estimation of  a dimensionless parameter:
                                                                            (2)
which must be positive for seismic events of  interest.
Applying this simple criterion in the analysis of  the two
seismic catalogs referred to above for the period of  the sensor
operation, from Sousa et al. [1992] and from the Portuguese
Meteorological Institute database, there were 15 events that
might be relevant. Table 1 gives some of  the characteristics
of  these events, together with the corresponding S values
(see Equation 2). The seismic event in 1962 is not considered
in this analysis as it corresponds to a year of  high levels of
artificial radioactivity, while the seismic event in 1975 was
unfortunately missed because of  the interruption of  the
dataset mentioned above.
Then, for the selected events we determined the
Pearson’s correlations of  S with the average values of  the
PG for three main periods: (i) 1 day before and 1 day after
the events (PG_2); (ii) 7 days before and 7 days after the
events (PG_14); and (iii) 14 days before and 14 days after
the events (PG_28). Additionally, we considered the PG
averages using only the midnight values, from 22:00 to
02:00 (UTC), as it is known from the literature that during
this period the atmospheric activity is more stable [see Biagi
et al. 2009]. In this way, three new cases were defined for
the periods: 2 days (PG_2mn), 14 days (PG_14mn), and 28
days (PG_28mn). The results are presented and discussed
in the next section.
4. Results and discussion
The analysis of  the dependence of  the different PG
averages as a function of  the dimensionless parameter S (as
discussed in section 3) is presented in Figure 3, and it tends
to show negative associations between these two quantities
(see Figure 4). Although the p values for PG_14 and
PG_14mn of  0.168 and 0.179, respectively, do not allow
these to be considered statistically significant, their
correlation coefficients of  –0.407 and –0.397, respectively,
do indicate this trend. These results highlight that the major
influence of  the seismic activity on the PG occurs over an
interval of  14 days centered on the seismic event.
Interestingly, this time interval of  nearly two weeks around
the earthquake occurrence is common to other seismic
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17/06/1955 0.050 - 3.4 28.973 18.138 0.597
30/07/1959 0.001 13 4.3 70.632 5.991 10.789
08/05/1962 0.625 - 3.3 26.242 6.309 -
15/03/1964 0.938 10 6.2 463.447 319.056 0.453
31/03/1964 0.624 - 2.7 14.488 6.633 1.184
26/08/1966 0.248 10 4.6 95.060 87.702 0.084
24/02/1967 0.926 2 4.3 70.632 65.619 0.076
04/10/1967 0.104 13 4.3 70.632 56.341 0.254
24/02/1969 0.511 - 4.5 86.099 45.420 0.896
28/02/1969 0.111 10 7.5 1678.804 349.917 3.798
14/01/1973 0.853 2 4.3 70.632 25.085 1.816
29/06/1973 0.665 21 3.7 38.994 29.650 0.315
26/05/1975 0.383 10 8.1 3040.885 828.839 -
09/01/1987 0.025 9 2 7.244 4.311 0.680
22/05/1988 0.583 8 3.7 38.994 32.374 0.204
Table 1. The 15 seismic events of  interest, where S > 0 (see Equation 2), in the period from 1955 to 1991 (data provided by the Portuguese National
Laboratory for Civil Engineering and by the Portuguese Meteorological Institute). M, seismic magnitude; R, earthquake preparation radius; D, epicentre
distance to the PG sensor; and S, ratio RD  (see text).
precursors, like geomagnetic field anomalies [e.g. Fraser-
Smith et al. 1990] and perturbations in very low
frequency/low frequency radio transmissions [e.g. Biagi et
al. 2009]. Moreover, similar intervals were also observed by
Varostos et al. [1984] for the different phenomenon known
as seismic electric signals. In addition, the analysis also
shows that short-time averages, as with two days in this
case, are insufficient to capture the effects of  seismicity on
the PG. This result might indicate that short-term
variations in the PG caused by clouds, dust, or other
phenomena, might overshadow the effects of  seismic
activity on the local electric environment.
This tendency to a negative association between PG and
S is also interesting. This reveals consistently decreasing PG
values with S. This is physically expected, as can be seen when
two events with the same magnitude but with the epicenter
at different distances from the PG sensor are considered.
Although both of  these events will have similar tension fields
during the earthquake preparation, it is expected that the
nearest event (with the greater S) should create a greater
tension field in the sensor region than the distant one (with
the smaller S). For this reason, if  radon emanation occurs in
the zones where tensions are likely to alter the soil
permeability, radon emanation due to the first of  these events
is expected to be higher in the zone of  the sensor, as compared
to that from the second event. This would naturally result in
a more significant reduction in the PG associated with the first
earthquake, with respect to the second earthquake. 
5. Final remarks
To sum up, the present study has used simple statistical
techniques to reveal indications that seismic activity leaves
its mark on the atmospheric electrical field in a region close
to an earthquake epicenter, with a trend to reduce the
atmospheric electrical field.
This aspect opens the way to two main approaches.
First, more profound examinations of  the datasets are
required. Special attention needs to be paid to the influence
of  meteorological variables on the PG, like relative humidity,
precipitation, wind intensity and cloudiness, in line with
other studies [e.g. Kachakhize et al. 2009], with the purpose
of  not restricting the data to fair-weather conditions. This
also indicates that the present dataset can be complemented
with measurements of  the atmospheric radon levels during
the period of  operation of  the PG sensor. This will provide
a better understanding of  the importance of  radon in the
lithosphere-atmosphere-ionosphere coupling. Secondly, the
present method can be applied to PG datasets in other
seismically active regions. Indeed, this last approach reveals
the relevance of  carrying out PG measurements worldwide,
not only because of  the great importance in itself  [see
Harrison 2005], but also because it might contribute in a
significant way to the study of  seismic precursors.
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Figure 3.The PGs for the different averages considered in this study (PG_2,
PG_2mn, PG_14, PG_14mn, PG_28, PG_28mn) as a function of  S.
Figure 4. Statistics relating to the PG and S correlations.
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